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We developed a method termed TOCCSL (‘Thinning out Clusters while
Conserving Stoichiometry of Labeling’) which allows direct imaging of nano-
scopic stable platforms with raft-like properties diffusing in the live cell plasma
membrane. Our method senses these platforms by their property to assemble a
characteristic set of fluorescent marker-proteins/lipids on a time-scale of sec-
onds. A special photobleaching protocol is used to reduce the surface density
of labeled mobile platforms down to the level of well-isolated diffraction-
limited spots, without altering the single spot brightness. The statistical distri-
bution of probe molecules per platform is determined by single molecule
brightness analysis. As consensus raft marker we chose monomeric GFP linked
via a GPI (glycosyl-phosphatidylinositol) anchor to the cell membrane. We
found cholesterol-dependent homo-association of mGFP-GPI in the plasma
membrane of living CHO cells, thereby demonstrating the existence of small,
mobile, stable platforms hosting these probes. This strong homo-association
could be released by addition of 1-palmitoyl-2-(5-oxovaleroyl)-sn-glycero-3-
phosphocholine (POVPC) or 1-palmitoyl-2-glutaroyl-sn-glycero-3-phospho-
choline (PGPC), two oxidized lipids typically present in oxidatively modified
low density lipoprotein. We found a clear dose-response relationship of
mGPF-GPI nanodomain disintegration upon addition of POVP, correlating
with the signal of an apoptosis marker. Applying similar concentrations of
lyso-lipid did not dissolve nanodomains. To understand the mechanism behind
nanodomain disintegration we inhibited the activation of acid sphingomyeli-
nase (aSMase), which activates several apoptotic signaling pathways via cer-
amide generation. Inhibition of aSMase by NB-19 before addition of POVPC
completely abolished the nanodomain-disintegration effect of oxidized phos-
pholipids, thereby proofing a rather indirect effect of oxidized phospholipids
on lipid nanodomains. Additionally we addressed the role of aSMase activity
in the release of mGPF-GPI homo-association upon cholesterol extraction -
no correlation was found.
In conclusion we could determine the mechanism how oxidized lipid species
disrupt mGFP-GPI nanodomains in the live plasma membrane.
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High-Speed Single-Particle Tracking Reveals Lipid Dynamics in Heteroge-
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Phase coexistence and domain formation in lipid bilayers are intriguing phe-
nomena and play essential roles in many cell functions. In particular, coexis-
tence of liquid-ordered and liquid-disordered phases in membranes of ternary
lipid composition has drawn great attention, as it underlies the concept of ‘‘lipid
rafts’’ in cell membranes. Most biological significance of raft domains is orig-
inated from their capability of recruiting certain molecules into the domain
through interaction between lipids and proteins. However, experimental evi-
dence of how such interaction takes place at single-molecule level has been
missing because it requires high spatiotemporal resolution for observing rapid
and nanoscopic motion of individual molecules in raft-containing membranes.
In this work, we investigated the dynamics of single lipid molecules in raft-
containing bilayer membranes by high-speed optical imaging. An advanced
microscope system was developed for tracking individual small gold nano-
particles (20 nm in diameter) attaching to the head groups of single lipid mol-
ecules (through biotin-avidin conjugation). The linear scattering signal from
the nanoparticles was detected by optical interference where optimal spatial
localization precision down to a few nanometers can be achieved at very
high speed (50,000 frames per second). Furthermore, the photostable linear
scattering signal offers unlimited observation time. Using this technique, we
recorded precise and long diffusion trajectories of single lipid molecules in
raft-containing supported lipid bilayers (DOPC/sphingomyelin/cholesterol,
40:40:20 mol ratios). Meanwhile, the micron-sized raft domains in the mem-
brane were observed in fluorescence by adding a trace amount of dye-labeled
DOPE that marks the non-raft regions. By correlating the detailed trajectories
of single probe lipids recorded at high-speed to the corresponding fluorescence
image that contours the raft domains, we reveal how a lipid molecule goes
across the raft boundary and how its diffusion characteristics changes due to
the raft domains with unprecedented clarity.402-Pos Board B182
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Ganglioside GM1 molecules exhibit receptor or co-receptor activity in cell
communication and signaling phenomena. Due to their bulky sugar headgroup,
GM1molecules introduce substantial disorder to the lipid bilayer, which results
in formation of lipid domains with unique molecular organization. Although
the domain sizes are far beyond the diffraction limit of an optical microscope,
the domain’s size and nature can still be determined by newly (2011) developed
technique which combines Fo¨rster resonance energy transfer with Monte Carlo
simulations (FRET-MC). The technique is based on the measurement and anal-
ysis of time-resolved fluorescence decays of fluorescent probes that are
quenched by FRET in the lipid bilayer. The resolution of this method is theo-
retically not limited as long as the fluorescence signal changes with decreasing
domain size.
In this study, domain sizes and their nature have been investigated as a func-
tion of the GM1, cholesterol, sphingomyelin and cholera toxin (CTxB) con-
centration, the last one being one of the well known ligands for GM1.
Domains with a radius of 8 nm and occupying 40 % of the entire bilayer sur-
face have been observed in pure DOPC and DOPC/cholesterol mixtures with
1-4 % of GM1. These domains have liquid-disordered character and become
ordered after binding of cholera toxin. The domain size and/or character are
changed by addition of sphingomyelin and CTxB. We show that sphingomye-
lin is, at least what concerns the domain formation, able to substitute the role
of GM1.
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Transient Effect of Calcium Influx on PIP2 Clusters and Cholesterol-
Stabilized Nano-Domains in the Inner Plasma Membrane Leaflet of Intact
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When calcium ion channels open, local calcium levels are estimated to reach up
to 500uM, which may be sufficient to affect negatively charged lipids, such as
phosphatidylinositol 4,5-bisphosphate (PIP2), in the inner leaflet of the plasma
membrane (PM). The PM is a complex lipid protein mixture in which at least
two mechanisms create lateral order: interactions between the acyl-chains of
the lipids, stabilized by Cholesterol, lead to transient submicroscopic nano-
domains, and lipid head-group interactions of charged lipids with divalent
ions may cluster lipids. Here, we study the influence of calcium on the forma-
tion of PIP2 clusters and cholesterol-stabilized nano-domains in intact cells. We
study changes of these domains over time and upon calcium channel activation
by analyzing diffusion of GFP-tagged inner-leaflet membrane proteins. Using
bimFCS, developed by us, we measure diffusion on multiple length scales
simultaneously to derive information about domains. To study the formation
of PIP2 clusters we use GFP-PHPLCdelta to directly mark PIP2, and as marker
for cholesterol-stabilized nano-domains, we use Lck-mGFP. We observe that
opening TRPV1 channels increases the interaction both between GFP-
PHPLCdelta and PIP2 domains, Lck-mGFP and cholesterol domains. The inter-
action between GFP-PHPLCdelta and PIP2 domains decreases to base lines
within 1-2 minutes, while the interaction of Lck-mGFP and cholesterol do-
mains takes another 2-3 minutes to decrease as the cell down-regulates the
intracellular calcium level after stimulation. To control for large scale
signaling, we image the membrane cytoskeleton using mCherry-alpha-
actinin, and use GT46-GFP to mark transmembrane domains. These results
suggest a concentration dependence of calcium-induced PIP2 clusters and
cholesterol-stabilized nano-domains in the PM at calcium levels, which may
be reached in intact cells locally by opening of ion channels.
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Transmembrane Proteins
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When cells change from stationary growth to migration stage, such as during
the epithelial to mesenchymal transition (EMT), it is expected that their me-
chanics change as well as the membrane - cytoskeleton interactions. Such
changes are thought to occur during the differentiation of cancers to more
